This paper presents energy and exergy analysis of air cooling cycle based on novel Maisotsenko indirect evaporative cooling cycle. Maisotsenko cycle (M-cycle) provides desired cooling condition above the dew point and below the wet bulb temperature. In this study, based on average annual temperature, The Iran area is segmented into eleven climates. In energy analysis, wet-bulb and dew point effectiveness, cooling capacity rate and in exergy analysis, exergy input rate, exergy destruction rate, exergy loss, exergy efficiency, exergetic COP and entropy generation rate for Iran's weather conditions in the indicated climates are calculated. Moreover, a feasibility study based on water evaporation rate and Maisotsenko cycle was presented. Energy and exergy analysis results show that the fifth, sixth, seventh and eighth climates are quite compatible and Rasht, Sari, Ramsar and Ardabile cities are irreconcilable with the Maisotsenko cycle.
INTRODUCTION
Evaporative cooling systems based on water evaporation into air are practical cooling systems which are appropriate for use in dry and hot climates. The main difference between the direct and indirect evaporative cooling systems can be found in the output product air quality. As figure 1 illustrates it indirect evaporative cooling system provides desired cooling condition without moisture. 
Figure 2. Diagram of M-cycle working procedure
Due to high efficiency of the M-cycle the greenhouse emissions will be decreased [4] and this process is more economic in comparison with traditional methods of cooling system [5, 6] . The maximum exergy loss occurs at 0˚C and it will reach the minimum at higher temperatures [7] so the M-cycle is more efficient when used in hot and dry climates. On the other hand due to humidity effect on the cycle performance, the cycle is not recommended to be use in humid climates [8] .An experimental work reported by Zube and Gillan [9] measured influence of the mean physical effective parameters on indirect evaporative cooling system. Performance assessments of the M-cycle with energy and exergy analyses were studied by Caliskan et all. in [10, 11] . A one dimensional mathematical model developed by Anisimov and Pandelidis [12] shows the importance of climate condition on the cycle performance. Recently in their novel numerical study [13] the effective inlet variations on the m-cycle performance is investigated.
In this study, based on average annual temperature, the Iran climate is segmented to eleven climates and then, by means of water evaporation rate as well as energy and exergy analysis, feasibility of the M-cycle system in the segmented Climates is investigated.
ANALYSIS

Energy Analysis
The wet-bulb effectiveness as a criterion for the Maisotsenko cycle performance and The dew point effectiveness can be explained as equations (1) and (2): [10, 11] 
The coefficient of performance (COP) of the system can be found to be [11] :
Exergy Analysis
The exergy balance can be expressed as: 
Exergy destruction rate (̇) can be calculated by equation (6) and then the Entropy generation can be calculated as follows [10, 11] :
The exergy efficiency and the exergetic coefficient of performance of the M-cycle respectively are defined as [10, 11] :
Feasibility Index
The Feasibility Index, which can be used as a criterion for the evaporative cooling performance is expressed as [14] : 
< < 16
Relief cooling
> 16
The evaporative cooling systems usage is not recommended Due to disregarding the dew point temperature, Table 1 assumed as a criterion for feasibility of direct evaporative cooling systems. In this study the value of temperature difference between the dry bulb and dew point temperature uses as a criterion for feasibility of M-cycle ( ). According to the ref. [2] , the temperature difference between the dry bulb and dew point temperature must be above 6 degrees (or Fahrenheit) for compatible use of the M-cycle.
Water Evaporation Rate
The water consumption of indirect evaporative cooling systems can be calculated by the following formula: [10] = 1000
In this study the water evaporation rate is introduced as a criterion for better performance of the M-cycle because in similar condition in Index, the lowest Water Evaporation Rate is preferred due to lower energy.
DEVELOPING A CLIMATE MODEL FOR IRAN
Iran is located in the northern hemisphere between 25̊ and 40̊ latitudes and most of its regions are situated at the height above 4500m height. This geographical condition necessarily leads to creation of temperate weather condition for Iran, but due to existence of the Alborz and Zagros Mountains, dry and arid region is created in the center and east of Iran. The difference of 15̊ latitude and of more than 2500m difference in height between the Iran's climates leads to creation of various weather conditions in Iran. For investigation of effective factors for developing a climate model for Iran, related information such as dry temperature, relative humidity, rainfall data, Solar radiation and winds condition which are reported by weather stations is indispensable.
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Volume LXI (2015) Several methods exist for development of a climate model for Iran. In this work the model is developed according to the ref. [16] . In this method to using average annual temperature difference, rainfall and evaporation rate, as well as isotherm, isohyet and evaporation representing lines and annual reports of meteorological organization in last fifteen years, Iran is segmented to eleven climates which are presented in 
Statistical Information
The parameters of weather information related to some of the main cities of Iran are shown in table 3 which is extracted from information of Iran's meteorological organization. This table can be used for water vaporization rate and feasibility studies. 
Results of the M-cycle analysis
The main Characteristics of the M-cycle are shown in table 4, furthermore, the results of this study analysis in comparison with the work presented by Caliscan et al. [11] are shown in table 5. These prepared results are related to the fifth climate with 25ºC environment temperatures. 
RESULTS
The results obtained from average annual temperature in eleven segmented climates of Iran which is considered as inlet temperature of the M-cycle and from the M-cycle parameters from table 3, are shown in several following diagrams.
In the energy analysis the main parameters including cooling capacity, COP wet-bulb and dew-point effectiveness for all eleven indicated climates were obtained which are shown in Figure 3 . As Figure 3 illustrates, in the 5th, 6th 7th and 11th climate the M-cycle is suitable for use due to higher cooling capacity, dew-point effectiveness and primary energy ratio and lower wet-bulb effectiveness in comparison with other climates. The variations of the wet-bulb effectiveness with different exchanger inlet air temperatures are shown in Figure 4 (a). The range of inlet temperature is 20ºC-40ºC. Wet-bulb effectiveness can be higher than 100 % and it shows the ability of the M-cycle to cool air down to the wet-bulb temperature. At 25°C the wet bold effectiveness is 109.1 %.
The variations of dew-point effectiveness with different inlet temperatures are shown in Figure 4 (b). As Figure 4(b) shows it, the dew point effectiveness is directly proportional to the inlet air temperature and wet-bulb effectiveness is inversely proportional to the inlet air temperature. At the environment temperature (25˚C) the dew-point effectiveness is 75 %.
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Fig. 4 (a) variations of the wet bulb effectiveness at different exchanger inlet air temperatures and (b) variations of the dew point effectiveness at different exchanger inlet air temperatures
The variations of the M-cycle COP at different inlet temperatures are shown in Figure 5 . This figure shows that COP is directly proportional to the inlet temperature. At 25°C and 37°C the COP values are calculated to be 2.512 and 6.627 respectively.
Fig. 5 variations of the M-cycle COP at different inlet temperatures.
The variations of cooling capacity at different inlet and output dry bulb temperatures are shown in Figure  6 . This figure shows that cooling capacity is directly proportional to the inlet dry bulb temperature and inversely is proportional to the output dry bulb temperature.
Fig. 6 variations of the cooling capacity with different inlet and output dry bulb temperatures
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Volume LXI (2015) Table 6 shows that the 5th, 6th, 7th and 11th climates have higher exergy efficiency in comparison with other climates. These climates have also higher entropy generation rate and lower exergetic COP in comparison with other climates. In accordance with the exergy analysis, the variations of the M-cycle input exergy rate with different environment temperatures are shown in Figure 7 . As Figure 7 illustrates it, the input exergy rate of dry air and water are inversely and directly proportional to the environment temperature, respectively.
Fig. 7 The M-cycle input exergy rate of dry air and water
At 298 K (25°C) the input exergy rate of water is equal to 159.9 (Watt) and this value for dry air is equal to (69.34 Watt). The total input exergy rate (which comprises both water and dry air input exergy rate) in the M-cycle is equal to 229.24 (Watt) .
The variations of the output exergy rate with different environment temperatures are shown in Figure 8 . The environment temperature in the 5th climate is equal to 298 K (25°C) and the output exergy rate is calculated to be 32.34 (Watt) . As Figure 8 illustrates it, the output exergy rate is directly proportional to the environment temperature.
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Volume LXI (2015) The variations of exergy loss with different environment temperatures are shown in Figure 9 . The difference between the inlet and outlet air temperatures leads to exergy loss. As Figure 9 illustrates it, exergy loss is inversely proportional to the environment temperature. According to calculations, exergy loss rate at 25°C was found to be 93.23 (Watt) .
Fig.9 The M-cycle exergy loss rate
The variations of exergy destruction with different environment temperatures are shown in Figure 10 . At 25°C the exergy destruction rate is equal to103.7 (Watt).
Fig 10 The M-cycle exergy destruction rate
Entropy generation of the system occurred during the exergy destruction. The variations of entropy generation rate with different environment temperatures are shown in Figure 11 . The entropy generation rate is directly proportional to the environment temperature. At 25°C the entropy generation rate is equal to 0.0003479 (kJ/kg·K).
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Fig 11 M-cycle Entropy generation rate
The variations of exergetic COP and exergy efficiency of the M-cycle with different environment temperatures are shown in Figures 12 (a) and 12 (b) respectively. At 298 K (25°C) the exergeic COP and exergy efficiency of the M-cycle are 0.3378 and 14.11 %, respectively. As Figure 12 (a) illustrates it, exergetic COP is extremely inversely proportional to the environment temperature, as at 283 K (25°C) the exergetic COP is equal to 0.74 and with an increase in environment temperature up to 308 K the COP will decrease to 0.1.
Exergy efficiency is the ratio between the obtained useful output exergy and input exergy and as indicated before, it is obtained by the equation (12) . Environment temperature changes affect the output exergy (humid air exergy) so the exergy performance will change. As fig 12(b) illustrates an increase in environment temperature in the range from 295 K up to 305 K, leads to an extreme increase in exergy efficiency. Figure 16 shows that an increase in environment temperature from 20°C up to 25°C, leads to an increase of the exergy destruction rate and exergy output rate and on the other hand it leads to an extreme decrease of the exergy loss rate.
(a) (b) The feasibility study of the M-cycle and water evaporation rate results are shown in The results of direct evaporative cooling and dew point feasibility Index show that Ramsar, Rasht, sari and Ardabil cities the use of direct and indirect evaporative M-cycle cooling systems is not recommend due to very high relative humidity (approx. 80 %) and high temperature difference between the day bulb and dew Point ( less than 6°C), other hand Abadan, Isfahan, Ahvaz, Tehran, Tabriz, Shahr kord, shiraz, Kerman, Kerman shah, Mashhad, Ilam, Sanandaj, Yasuj, Arak, Birjand, Semnan, and Ghom cites have suitable condition for M-cycle. Gorgan, Uromia, Zanjan and Qazvin cities are at some hours of day suitable candidate for direct evaporative cooling and for use of the M-cycle cooling.
As previously indicated, water evaporation rate is assumed as a criterion for better performance of the M-cycle. In climates with acceptable Index, the M-cycle has better performance in climates with lower water evaporation rate.
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CONCLUSIONS
In this study energy and exergy analysis was made of the air cooling system based on the novel M-cycle system for eleven segmented climates of Iran. The main results of this work can be summarized as follows:
 Energy analysis shows that the 6th, 7th, 5th and 11th climates have in comparison with other climates higher values of cooling capacity, COP and dew point performance, respectively. This advantage provides a suitable condition for use of the M-cycle in the indicated climates  Exergy analysis shows that the 6th, 7th, 5th and 11th climates have in comparison with other climates higher exergy efficiencies. Therefore, these climates have suitable condition for use of the M-cycle systems.
Another result of this analysis shows that these climates have higher entropy generation rate and lower exergetic COP in comparison with other climates.
 The results of water evaporation rate of the M-cycle show that the highest water evaporation rate is equal to 0.66 lit/h in Abadan and Ahvaz cities.
 The overall results of the M-cycle feasibility study show that in almost all Iran climates with the exception of the north and north east cities of Iran, the use of the M-cycle is suitable. 
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